Abstract Digital rectal exams (DRE) are routinely used on trauma patients during the secondary survey as recommended by current Advanced Trauma Life Support (ATLS) protocols. However, recent literature has called the blanket use of the DRE on each trauma patient into question. The purpose of this study was to evaluate the efficacy of the DRE as a diagnostic tool in the setting of urethral, spinal cord, small bowel, colon, and rectal injuries and determine if it can be eliminated from routine use in the trauma setting. Trauma patients with small bowel, colon, rectal, urethral, and spinal cord injuries, age of 18 years or older, and a noted DRE were included. Exclusion criteria included an age less than 18, patients who received paralytics, a Glasgow Coma Scale (GCS) of 3, and a history of paraplegia or quadriplegia. One-hundred eleven patient records were retrospectively reviewed. Ninety-two male (82.9 %) and 19 (17.1 %) females with a GCS of 13.7 were evaluated. Sixty-two (55.9 %) injuries were penetrating with 49 (44.1) being blunt. The DRE missed 100 % of urethral, 91.7 % of spinal cord, 93.1 % of small bowel, 100 % of colon, and 66.7 % of rectal injuries. For injuries confirmed with radiologic modalities, the DRE missed 93.3 %. For injuries confirmed on exploratory laparotomy, the DRE missed 94.9 %. The DRE has poor sensitivity for the diagnosis of urethral, spinal cord, small bowel, and large bowel injury. The DRE was found to be the most sensitive in the setting of rectal injuries. The DRE offers no benefit or predictive value when compared to other imaging modalities.
Introduction
The digital rectal exam (DRE) is a common practice throughout the trauma bays of the USA. Current Advanced Trauma Life Support® (ATLS®) protocols recommend a DRE be performed during the secondary survey to assess for abdominal, pelvic, and neurological injury [1] . Rectal blood, decreased or absent sphincter tone, the presence of pelvic fractures, and the position of the prostate [1, 2] are a few of the findings we search for when performing a DRE in order to rule out or confirm gastrointestinal injuries (GI), spinal cord injuries (SCI), and urethral injuries (UI). Recent literature has called the blanket use of the DRE on each trauma patient into question, however.
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A 2005 study by Esposito et al. [2] examined 512 cases and determined the DRE rarely provided additional or accurate information that changed management and that the omission of the DRE appears safe and permissible. Other studies examining the use of the DRE in pediatric trauma patients [3] , urethral injuries [4] , and also spinal cord injuries [5] have each called into question its routine use in the trauma setting.
The purpose of this study was to evaluate the DRE in the setting of urethral injuries, spinal cord injuries, neurological injuries, small bowel injuries, colon injuries, and rectal injuries and to determine its diagnostic accuracy in comparison to other radiologic and physical findings.
Methods
A retrospective review of trauma patients who received a digital rectal exam during treatment at our level I trauma center was approved by the Institutional Review Board of the medical center. All patients treated by the trauma service for an acute injury and cataloged in our trauma database were eligible for the study. All patient examinations (including DRE) were performed by the trauma team under the direct care of a trauma attending. All findings of the DRE were documented in the medical record.
A review of trauma cases from 2008 to 2012 was performed utilizing International Classification of Diseases, Ninth Revision (ICD-9) coding for small bowel injuries, large bowel injuries, rectal injuries, bladder injuries, and urethral injuries. Inclusion criteria included all trauma patients with the above injuries, age of 18 years or older, and a noted DRE. Exclusion criteria included an age less than 18, patients who received paralytics during intubation, a Glasgow Coma Scale (GCS) of 3, any other previous medical condition that would make a DRE unreliable (a history of paraplegia, or quadriplegia), and any patient without a well-documented DRE.
Once patients with definitive injuries and a DRE were confirmed, a review of the medical record was performed. Definitive diagnosis was made through exploratory laparotomy, urethrogram, CT scan, MRI, or endoscopy. While the study was not formally blinded because it was retrospective, radiologists making definitive diagnoses did not review the results of the DRE or patient history.
Radiologic findings, laboratory work, and the clinical course of the patient were retrospectively reviewed. The DRE findings were compared to the final diagnosis for each patient. Negative (NPV) and positive (PPV) predictive value for both the DRE and imaging/surgical evaluation were calculated. Also, we determined if the digital rectal exam changed the management of the patient during his or her clinical course.
Results
A total of 111 patients were evaluated. Mean age was 37.7 years. Ninety-two (82.8 %) of patients were male and 19 (17.2 %) were female. The majority of cases were level I trauma activations (60.4 %) with level II and level III (36.9 %; 2.7 %) following in decreasing frequency. Table 1 describes the remaining demographics and clinical characteristics of the study patients. Seven urethral injuries, 20 intra-cranial hemorrhages, 24 spinal cord injuries, 4 bladder injuries, 18 small bowel injuries, 11 colon injuries, and 3 rectal injuries were noted. No adverse events were reported as a result of the DRE. Table 2 summarizes the frequency of each injury type. Table 3 summarizes the clinical studies performed and the subsequent outcomes.
A majority of cases, 76 (67.6 %) required further radiological evaluations (CT scan, urethrogram, MRI) in order to confirm the diagnosis prior to any operative intervention. Eleven Tables 3, 4 , and 5 describe disease prevalence and DRE specificity, sensitivity, positive predictive value, and negative predictive value for the following injuries: urethral injuries, spinal cord injuries, small bowel injuries, colon injuries, and rectal injuries. For each injury, the sensitivity and positive predictive value (PPV) were poor. Rectal injuries have the highest sensitivity (33.33 %) and PPV (50.00 %). Urethral and colon injuries were found to have the lowest sensitivity and PPV at 0.00. The specificity and negative predictive value (NPV) for urethral injuries were 100 and 93.69 %, 95. 4 
Discussion
This study demonstrates the DRE is of limited value in the initial assessment of trauma patients. As a screening mechanism for possible traumatic injury, the DRE had poor sensitivity and PPV for the majority of traumatic injuries. Other mechanisms of injury detection (physical exam, additional radiology, clinical acumen) all provided a diagnosis without a need for the DRE. In an ideal setting, a perfect predictor of injury would be 100 % sensitive and 100 % specific. The DRE does not come near this level of accuracy and precision in the trauma bay.
For urethral injuries, a Bhigh-riding^prostate on DRE is the commonly sought after finding on the DRE. Others have previously questioned the validity of the DRE's ability to detect a Bhigh-riding^prostate in urethral injuries [4, 6] . Ball et al. [4] conducted a retrospective review of 41 blunt injured patients diagnosed with urethral disruption. They found an abnormal prostate on DRE, blood at the meatus, and hematuria prior to catheter insertion in 1 (2 %), 8 (20 %), and 7 (17 %) of patients, respectively. They concluded that meatal blood and hematuria were better screening tests than DRE for urethral injuries (p<0.05). Our study found that in 7 urethral injuries, the DRE failed to discover any Bhigh-riding^prostates (0.0 sensitivity; 0.0 PPV), and no false-positives were recorded.
Spinal cord injuries had the second highest disease prevalence at 21.62 %. A decrease in sphincter tone is the common finding noted on DRE in the setting of spinal cord injury. Twenty-four spinal cord injuries were confirmed. The DRE demonstrated 2 true-positive and 4 false-positive cases (8.3 % sensitivity; 33.3 % PPV; 95.4 % specificity; 79.05 % NPV). Only 2 true-positive findings in the setting of a high level of disease prevalence suggest the DRE is not a worthwhile screening exam for spinal cord injuries. The 4 false-positive findings could expose the patient to unnecessary exams and radiologic procedures. Previous literature has questioned the use of DRE to determine spinal cord injuries. Guldner et al. [5] retrospectively reviewed 1032 patients with 54 (5.2 %) having been diagnosed with a spinal cord injury. Ninety-nine patients had decreased rectal tone on DRE with 27 (true-positives) having confirmed spinal cord injuries. With sensitivity, specificity, PPV, and NPV of 50, 93, 27, and 97 %, the DRE could not be recommended as a screening tool for spinal cord injuries.
Small bowel injuries were the most common with a disease prevalence of 26.13 %. The most common finding noted on DRE in the setting of small bowel injury is bright red blood per rectum. We estimated the sensitivity of the DRE for the diagnosis of small bowel injury to be 6.9 % with a specificity of 100 % (no false-positives were noted). However, this high specificity should be balanced against the high number of false-negatives (22 patients). This poor sensitivity omits the DRE as a useful tool to rule out small bowel injury due to the likelihood of a missed injury. Our findings support previous conclusions regarding the lack of sensitivity of the DRE in bowel injury. In a 2005 article, Esposito et al. [2] found the presence of gross blood to be only 36 % sensitive for the presence of gastrointestinal injury in adult patients. The presence of gross blood on DRE can also be significant for a colon injury. Our study found 19 patients with colon injuries (17.1 % prevalence). The DRE missed all 19 of the colon injuries (0.0 sensitivity; 0.0 PPV) and had a specificity of 97.8 % with two false-positive findings. With such poor sensitivity and the fact the DRE missed 19 confirmed colonic injuries, we cannot recommend the DRE as a screening tool for traumatic colon injuries.
Traumatic rectal injuries were found to have the lowest prevalence at 2.7 % (Table 3 ). Similar to other bowel injuries, the finding of gross blood on the DRE is significant for rectal injury in trauma. Gross disruption of the rectal wall integrity can also be noted in rectal trauma on DRE. Our study demonstrated that the DRE in the setting of rectal trauma discovered one true-positive and one false-positive (33.3 % sensitivity; 99.1 % specificity; 50.0 % PPV). Our findings are supported by a study conducted by Shlamovitz et al. [3] that evaluated 213 patients and found 5 (2 %) rectal injuries. The DRE failed to identify any rectal injures in their study (0.0 % sensitivity; 100 % specificity). In a study conducted by Leaphart et al. [7] that compared CT scanning to proctoscopy in the diagnosis of traumatic rectal injuries in children, 24 confirmed rectal injuries were noted. The DRE confirmed rectal injuries in 4 (16 %) patients. These findings support our study, which concludes the DRE is a poor screening tool for traumatic rectal injuries.
The sensitivity of the DRE to screen for traumatic injuries can be further described by stratifying the confirmatory method. We evaluated the sensitivity of the DRE performed in injuries confirmed by radiological findings. Seventy-five injuries (67.6 % disease prevalence) were confirmed by radiology, and only 5 of the injuries were noted on the DRE (6.7 % sensitivity; 71.4 % PPV) and 2 false-positives were noted (94.4 % specificity). These findings demonstrate that the DRE fails to act as an appropriate screening tool and also does not alter the clinical management of the patient, as the majority underwent additional testing regardless of negative DRE findings.
We can also evaluate the sensitivity of the DRE performed in injuries confirmed by exploratory laparotomy. Thirty-nine injuries were confirmed by exploratory laparotomy (41.9 % disease prevalence), only 2 injuries were correctly screened by the DRE (5.1 % sensitivity; 100 % PPV), and no false-positives were noted. These findings demonstrate that the DRE fails to accurately screen for injuries prior to surgery and does not alter clinical management, as the majority of patients went to the operating room regardless of the DRE findings.
There are several limitations to this study. The retrospective nature of our data collection did not provide the benefit of a randomized, controlled study. The small number of injuries, such as rectal injuries and urethral injuries, makes statistical calculation less persuasive. Various trauma team members, ranging from the intern to the attending, performed the DRE, which eliminates a consistent examination for each patient. The most concerning aspect are missed injuries on a DRE if performed by a less-experienced trauma team member [8, 9] . The performance of the DRE in less than ideal conditions often renders a thorough DRE unlikely. The threat of violence to the trauma team and DRE provider should not be understated. The incidence of violence in the emergency department setting is well described [10] [11] [12] [13] [14] and often occurs in a situation of Badverse stimulation^of the patient [15] , such as a DRE.
Conclusions
The DRE demonstrated poor sensitivity for the diagnosis of spinal cord, urethral, small bowel, colon, and rectal injuries. Our findings suggest the omission of the DRE from the trauma work-up will not alter the patient's clinical care, will eliminate unnecessary clinical risks to the trauma team, and will also remove an unpleasant experience for the patients. 
